Increasing concentrations of chromium caused reduction in growth, chlorophyll contents and mineral mutrients of bhendhi. At increasing concentrations of chromium, all the attributes were found to be reduced. Chromium is one of the toxic elements discharging from tannery industry. The long disposal of tannery effluent to the agricultural land causes serious damages in the soil texture; reduce the growth of microorganisms and agricultural crops. Large areas of Vellore district of Tamilnadu was seriously affected by the tannery effluent irrigation to the agricultural land. The present study was conducted to identify the phytotoxic effect and physiological changes of Abelmoschus esculentus (L.) Moench under the treatment of different concentrations of chromium solutions (2.5, 5, 10, 25, 50, 75 and 100 mg/l). The result shows that there was a gradual reduction in the morphological parameters (root length, shoot length, fresh weight and dry weight). Similarly the photosynthetic pigments (Chlorophyll and carotenoid) and biochemical parameters such as protein, amino acid, and sugars were also gradually decreased with increasing concentrations of chromium.
INTRODUCTION
Water is the most precious thing for all living organisms in the world. Nowadays, most of our water resources are gradually becoming polluted by various human activities. Water pollution may be defined as a natural or induced change in the quality of water which renders it unusable or dangerous as regard to food, human and animal health, industry, agriculture and fishing (Manna and Das, 2004 ). The addition of huge amount of sewage, industrial and agricultural effluents is the main cause for water pollution. The effluent discharging industries are tanneries, textile mills, sugar mills, chemical industries, electroplating, distilleries, pharmaceuticals, dairy etc., cause the water and soil pollution. Among the effluent discharging industries, tannery industry plays a major role in polluting the environment. It is one of the
MATERIALS AND METHODS
The experimental crop bhendi (Abelmoschus esculentus (L.) Moench.) was collected from Authorized Private Agro Centre, Chidambaram, Cuddalore district, Tamil Nadu.
A known weight (5.912 g) of potassium dichromate (K 2 Cr 2 O 7 ) salt was dissolved in 1000 ml of distilled water. This is equal to 1000 ml/l of chromium. From this stock solution, different concentrations (2.5, 5.0, 10.0, 25.0, 50.0 mg/l) of chromium solution were prepared and they were used for both the experiments.
Pot culture experiments were conducted in Botanical garden, Department of Botany, Annamalai University. The pots were filled with 5 kg of garden soil. Then, ten seeds of bhendi were sown in each pot. The pots were irrigated with equal volume of different concentrations of chromium solution (2.5, 5, 10, 25, 50, 75 and 100 mg/l). The control set was maintained with borewell water. After one week, thinning was done by allow to grow 5 seedlings per pot. Five plants were randomly selected from each treatment for the observation of the morphological growth parameters. The shoot length, root length, number of leaves, total leaf area, fresh weight and dry weight were recorded at every 25 days viz., 25, 50 and 75 DAS. The yield parameters were observed and recorded at the time of harvest.
The photosynthetic pigments such as chlorophylls and carotenoid contents were measured by using the standard procedure mentioned by Arnon (1949) and Kirk and Allen (1965) respectively. Simultaneously the biochemical parameters such as Amino acid (Moore and Stein, 1948) , Protein (Lowry et al., 1951) , reducing, sugar Non-reducing sugar and total sugar (Nelson, 1944) were also calculated at 25, 50 and 75 DAS.
1. Soil Analyses
The soil samples were collected from each pot and labelled separately after harvesting of Bhendi. The physico-chemical properties of, chromium polluted soil. The various soil properties such as pH, electrical conductivity, nitrogen (Subbiah and Asija, 1976) , phosphorus (Jackson, 1958) , potassium (Jackson, 1958) , copper, zinc, iron, manganese and chromium (Piper, 1966) were analysed and reported.
RESULT AND DISCUSSION

1. Shoot length and root length (cm/plant)
The effect of different concentrations of chromium on shoot length and root length of bhendi crop at various stages of its growth is given in Table 1 . The highest root length (8.36, 15.5, 17 .5 cm/plant), shoot length (26.0, 37.5, 58.5 cm/plant) were observed at (25, 50, 75 DAS) in control. The minimum range of root length (3.40, 9.20, 11 .20 cm/plant) and shoot length (9.64, 21.5, 38.5 cm/plant) were observed at (25, 50, 75 DAS) in 50 mg/l concentration of chromium treated bhendi crop. The reduction in plant height might be mainly due to the reduced root growth and consequent lesser nutrients and water transport to the above parts of the plant. In addition to this Cr transport to the aerial part of the plant have a direct impact on the shoot metabolism contributing to the reduction in plant height (Shankar et al., 2005) . 
2. Number of leaves and total leaf area
The effect of different concentrations of chromium on number of leaves and total leaf area of bhendi crop at various stages of its growth is shown in Table 2 . The higher amount of leaves (5.0, 6.0, 7.0 leaves/plant) and the lower number of leaves (3.0, 4.0, 5.0 leaves/plant) were observed in control at 25 th , 50 th , 75 th days respectively. The maximum leaf area (66.0, 138.6, 255.74 cm 2 /plant) and the minimum leaf area (18.37, 27.72, 79.5 cm 2 /plant) were observed in 50 mg/l concentration of chromium treated plant at 25, 50, 75 DAS respectively. The reduced cell size and decreased intracellular spaces were largely responsible for reduction in leaf area. The size of the areoles decreased in plants treated with chromium and this may be due to the decrease in leaf area (Joshi et al., 1999) . 
Fresh weight and dry weight (g/plant)
The effect of different concentrations of chromium on fresh weight and dry weight of bhendi crop at various stages of its growth is given in Table 3 . The highest amount of fresh weight (2.152, 5.328, 9.750 g/plant) and dry weight (1.120, 2.106, 3.235 g/plant) were observed in control at 25, 50 and 75 DAS. The minimum amount of fresh weight (0.513, 2.300, 5.323 g/plant) and dry weight (0.168, 0.885, 1.955 g/plant) were observed in 50 mg/l concentration of chromium treated plant at 25, 50, 75 DAS respectively. The concentration of soluble protein provide an evidence that chromium is responsible for enhanced degradative pathways as it occurs in tissues during cellular breakdown of the constituents. 
4. Yield parameters
The effect of different concentrations of chromium on yield parameters of bhendi crop is given in Table 4 . The maximum number of fruits (15.0 /plant) fruit length (13.5 cm /fruit), fruit weight (3.25 g/fruit), number of seeds (45.5 /fruit) and 100 seed weight (8.88 g) were noted in control. The minimum amount of fruit number (6.0/plant), fruit length (6.0 cm/fruit), fruit weight (1.00 g/fruit), number of seeds (18.0 /fruit) and 100 seeds weight (2.15 g) were observed in 50 per cent of chromium concentrated bhendi crop. Cr on plant processes during early growth and development culminates in reduction of yield and total dry matter as a consequence of poor production, translocation and partitioning of assimilates to the economic parts of the plant (Sharma and Sharma, 1993) . 
5. Photosynthetic pigments
The effect of various concentrations of chromium on chlorophyll 'a', chlorophyll 'b', total chlorophyll and carotenoid content (mg/g fr. wt.) of bhendi crop at 25 th and 75 th days are shown in Table 5 . The higher amount of chlorophyll 'a', chlorophyll 'b', total chlorophyll and carotenoid content (0.4973, 0.3921, 0.8894 and 0.6297 mg/g fr. wt.) were observed at 75 th days of control plant. Similarly, the lowest values of chlorophyll 'a', chlorophyll 'b', total chlorophyll and carotenoid content (0.1591, 0.0914, 0.2533 and 0.2215 mg/g fr. wt) were observed at in 50 mg/l concentration of chromium irrigated bhendi crop. The impaired α-amino laevulinic acid dehydratase activity leading to reduced photosynthetic pigments has been observed in chromium treated Nymphaea alba (Vajpyee et al., 2000) . Besides, lipid peroxidation also caused the degradation of photosynthetic pigments (Rai et al., 2004) . The reduction photosynthetic pigments may also be due to the disruption of chloroplast phosphorylation observed in various plants as suggested by Jana and Choudhari (1992); Chandra and Kulshrentha (2004); Singh and Sinha (2005). 
6. Protein (mg/g fr. wt.)
The influence of different concentrations of chromium on protein content of bhendi at 25 th and 75 th day of its growth is given in Table 6 .
The maximum protein content of various parts of bhendi (leaf 2.9702, stem 1.0741, root 3.9740 mg/g fr. wt.) was observed in 25 th day of control plants irrigated with tap water.
The minimum protein content (leaf 0.8973, stem 0.6294, root 1.2973 mg/g fr. wt.) was recorded at 75 th day of its growth in 50 mg/l concentration of chromium treatment.
The degradation in protein content might be the result of increased activity of the protease or other catabolic enzymes under chromium stress (Vajpayee et al., 2001; Rai et al., 1992) . During transport of heavy metals in plants, sulphydryl group of protein may be reduced causing deleterious effect in the normal protein form. 
7. Amino acid (mg/g fr. wt.)
The effect of various concentrations of chromium on amino acid content (mg/g fr. wt.) of bhendi at 25 th and 75 th day of its growth is given in Table 7 .
The maximum amount of amino acid content (leaf 4.7804, stem 1.7674, root 3.9701 mg/g fr. wt) was observed in 75 th days of control plants.
The minimum amount of amino acid content (leaf 1.8740, stem 0.5470, root 1.4076 mg/g fr. wt) was recorded in 25 th day of its growth at 50 mg/l chromium concentration.
The decline in amino acid cysteine may result in the degradation of sulphate reducing enzymes leading to toxic effects (Vajpayee et al., 2001 ). 
8. Sugar (mg/g fr. wt.)
The impact of different concentrations of chromium on reducing sugar content (mg/g fr. wt.) in various parts of bhendi in 25 th and 75 th day is given in Table 8 . The highest amount of reducing sugar of leaf (2.6640), stem (1.5000), root (1.4120 mg/g fr. wt.) was observed in control plant at 75 th day. The lowest content of reducing sugar of leaf (1.4940 mg/g fr. wt.), stem (0.5160 mg/g fr. wt.), root (0.5000 mg/g fr. wt.) were recorded at 25 th days of growth in 50 mg/l concentration of chromium irrigation. The maximum non-reducing sugar content of leaf (7.146 mg/g fr. wt.), stem (6.215 mg/g fr. wt.), and root (5.000 mg g -1 fr. wt.) were recorded at 75 th days of control plant. The lowest amount of non-reducing sugar in leaf (1.598 mg/g fr. wt.), stem (0.726 mg/g fr. wt.), root (0.785 mg g -1 fr. wt.) were noted at 25 th days of its growth in 50 mg/l concentration of chromium irrigation ( Table 9 ). The higher amount of total sugar content in various parts like (leaf 13.258, stem 10.877, root 9.102 mg/g fr. wt.) were noted in 75 th days of control plant. The lowest total sugar content (leaf 3.092, stem 1.242, root 1.285 mg/g fr. wt.) were observed at 75 th days of its growth in 50 mg/l concentration of chromium irrigation ( Table 10) . Loss of sugar formation may also be due to the conversion of sugar into energy when the plants were stressed (Outridge and Noler, 1991) . It may be also due to the imbalance which might eventually lead to depletion of carbohydrate reserve (Mahadeswaraswamy and Theresa, 1992).
9. Analysis of chromium polluted soil
Physico-chemical properties of different concentrations of chromium polluted soil are given in Table 11 . The bhendi crop grown chromium polluted soil revealed that they are having the values of pH (0.18), EC (7.8), nitrogen (50 g/kg), phosphorus (8.0 g/kg), potassium (87 g/kg), copper (14.15 ppm), zinc (11.00 ppm), iron (18.0 ppm), manganese (3.00 ppm) and chromium (1107 mg/g) were observed at 50 mg/l concentration of chromium polluted soil.
The control soil are having pH (7.6 ppm), EC (0.39 ppm), nitrogen (46 g/kg), phosphorus (9 g/kg), potassium (500 g/kg), copper (21.15 ppm), zinc (15.20 ppm), iron (22.95 ppm), manganese (5.15 ppm) with nil chromium. 
CONCLUSION
Present study concluded that the phytotoxicity effect of hexavalent Cr severely affected the growth and biomass of A. esculentus. The harmful effects of Cr on plant's growth and development by extensively investigating the physiological and biochemical parameters. It was known that adverse effects of Cr were due to the negative impacts on physiological and biochemical parametes. High concentrations of Cr is highly contaminated soil. The study suggest that the chromium is highly toxic to the growth and development of A.esculentus
